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The restricted shortest path problem is known to be weakly NP-hard and solvable in pseudo-polynomial time.
Four fully polynomial approximation schemes (FPAS) are available in the literature, and most of these are based
on pseudo-polynomial algorithms. In this paper, we propose a new FPAS that can be easily derived from a
combination of a set of standard techniques. Although the complexity of the suggested algorithm is not as good
as the fastest one available in the literature, it is practical in the sense that it does not rely on the bound
tightening phase based on approximate binary search as in Hassin's fastest algorithm. In addition, we provide a
review of standard techniques of existing works as a useful reference.
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1. A&

F71AleF A7 2 & All(restricted shortest path problem: RSP
EA)E, 2AZ G=(V,E)3A 39 ulE ;9 Azt 4
7hFRE W, AZbe] T & EA FoWA, Hao vl 4-g 2
T AERE e FA. o] BAle YA Myl A £FES H
A A Haio HG o8 FFS AL o} sl 4 A 2"
o|tHAhuja ef al,, 1993), B4 A AL8alzte] EEY A4
A7HE A AL W02 2198 (routing)dlE EA)
(Roukas and Baldine, 1996) 59 3851 9l= 28|t}

o] #A= NP-— hard E7) (Garey and Johnson, 1976)2 4
T AFAIZES 2t GTE 5 4EA A 4 2
U, o] EAo th3t FAF thakAl 7k (pseudo-polynomial time)

9 534 Al (dynamic programming)& A 453 @ &
o0 (Lawler, 1976), |9} £A o2 E 2oy & 4 Qe
St 12} X (expanded graph) (Ahuja ef al., 1993)& o] &3 A]
E RA AR @38 58 e E S gl
£ AT A A OGN Gl EL o8 (1+¢)

AR #E Aeith (146 — Aol AF 59}
o Hl&o] (1+¢) o3RRI & 73l sy Behe, &
3] Fo]2 BE e of s, thahrIzke} AARAIZE ol (1 + &)
— ZAE 7 5 e el AT, 183 2E o o)
& 2AYES FA3S, ¥ 2A Y F(polynomial
time approximation scheme: PAS)o]2} gtk 2 A o)y
3 Az ZARI T FAAE, A4 2R (computational
complexity)7} &4 =L7) (input size)$} 1/e9 talao g §
dse, ¢ dgARE A E (fully polynomial time
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approximation scheme: FPAS)& THET}

RSP B9 td FPASE oln] a8} =FolA A =]
SkCHWarburton, 1987; Hassin, 1992; Phillips, 1993). Warburton
(1987)9) ¢ EE T8 28 (acyclic graph)ol T+ 285
o2, JutAQ) g Zo|Xe] FPAS & Hassin (1992)7} Phillips
(1993)7} AA1g LaelEaoltt. 2} Phillips (1993)9
FPASE 270] AA 714 & AR TS tetete
ZR7E ¢, 84 o il A EF=E 7He fele
By 4 9lginh

H=Ho o|59 FPASY}FE 7wkl ol vl &
(scaling & BT} Yutsjated, Tglo] A} ThAIZE 2
[s]

o K b

Z
JEH AFHUL W, o EA 21de FPASE TR
EAE BolnA &k A& RS A, o, 4= F
oe] grolgka 7F g Feh

g

o

2. A A7 24 o) BE 7

21 A A S22 E

RSP EAo) th3 #AF A 2l B4 AN
oA 7128 A% g} 2HZE o4 R F A2 dEE
WA 54 AGRl 2T R, ARFZEA tF 2R
& s £33 Ag & Sl (Lawler, 1976). WA ¢ (1) S
RE EE RE 7R, ¢ o3t AIZHE Zhe BREY HIE

Z Fagolet dpd, U3 2 TH AYEE AT Al

a()=0 V20, c;(0)=2, j=2,,n
ci(t)=Mnlc;(t— D, Min g < dci(t— ty) + cytl

j=2,+,n, t=1,-,T. (M

webA, e (T)7F F371 HEE, F AL OmT)
7} Ao} 2y ol g B4 AYYL A AEE Bl
g 240 7)2d ZAY Y Adele A7EHA ¥t 24
sye A 2 358 g te R 297 FA AL
= BAs oL sl ol o] B3 AW HA I
o] 42 Zo|7] Y8 1, & HlE F48H, vE FHY A
e Zzxt A2 u4dE AE BRI 2 B opet rhe
A2 B3 = 4 ¢lvh 22 A Hassin (1992)2, &S =3
(phase) 2.2 3] ETHE B4 AYYE FAHNAS (0T
EERE XE 7R, ¢ o8 vl gS e AREL AT
Z Aol 3w, e 2o 53 AL 79T & T

Hic)=0 Ve=0,40)=0, j=2,",n

t(e)=Min(t{c=1), Miny < tlc— cr )ttt

j=2,,n, ¢=1,2,,OPT. 2

o71M, OPT & RSP &A19] AAgE Lokt tx (o)<

77} HE c7b 1 d7iA SaE J3A 79, 29 oot
oPT7} Bt WA, & AR O(mOPT) 7h ©H-.

W&}, Phillips(1993) N XA &, 58 Aggol ohd &7 1)
TE o &HAE A AT G EE FAE  SiTh
99 B4 AYYAY. &4 28T £ vgol FF ZF 1
PIE gul S8 A7) B3 S g nE e
o Wl T N 4 2PEE A 5 ok AA A7t #
38R 2 Ee T G=(V,E)E T 2o] M
71 aef =}

V={(G 1 isV, t+=0,1,--T}
E={{( ), it+t;)}(G,i)eE, 0<t<T—t;}(3)

aE ¢ =V, EVRAM ¢; o) Hsl, HRAZEAE
Z9, RSP A dg 3l 78 & Stk =5 (1,0)904
EE (n, )E 7 AAFEE, A2 AZl] £ 03] Ha
vl 2o Aes} Hol, A%, 0<t<TY ZE ;o 3
AT Z A4 LS e AR} FHE7) gk o, 9d
1} 3] (Fibonacci Heap) F2E ©]-&3 Dijkstra W& A&
8 w5 ALt 4T o)1, 59 57t mTolEE, HA)
AN TFE O(mT+ nTlog nT)7} B tHAhuja er al., 1993).
2 (o] SALsE Y el LAFE A e o], AT
o gt &4 2z wF ZAYE Y dele HFEkA ¥
th. 8L} Phillips (1993)%, ol 21 & A|zbel| T3k &4 1=
oA vlE 242 B4 FPASE Mesidcin #43d=,
o] AL theoll AAIE vl go] g & 2H=ZE IR
A7g)7] dEOE A7 Og-e v Bl g &4 18
X G =(V", E")E e Zolth

V' ={(i¢) | ieV, c=0,1,U}
E"={{(,¢),(j, ct e (G, /)€E, 0sc<U—cy} (4)

cj714, U RSP EA 9 HH& o] o & THupper bound)
olth. G =(V", E”) 3AME, G AMAT, £l thE A
DAZE T3, =5 (1,0) M =E (0 27
AEE F AR A7te] T olart He Had & A,
ael wz HHE7H "o ol AaEe AUALE
O(mU+ nUlognl) 7} BT

22 SN Se) B3 vE 22

o,
227 ve} o, FPASTH EASHE $41 AT 41
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A7 G EY EA7t FPASY EAE JudAE %E
t}. 228u) Ibarra and Kim (1975)2) v 13- Aj(knapsack problem)
of thg ¢hA A7 ZARY o] F, RAL AT dae
E, £38] 53 A8yl 7128 fAF AT daelFol A
& A%, ulgd v 29 2 S ARSEE A
FPASE 9% 4 ltta A AA 1 3tk

SN T Botol, 9o A} Azt ¢ EE 9] Al
ERATE AFU) AN E £t Aok v S48, f
A} ThEHA 7 gl B8 A 83E ) Agkghe] #A12719 o
gA7to] HEE ¢ & YA 2 Y7o = AL 9rE
He; & QA 2 Uir A2 & vl eS¢, 2 8. ol
ZAEE 7o) dAME, A2 uE o o A HHAR
o] vl 47} e BAY HHAZ v g Hgo] (1+e)°]
Y58, ¢; 8 Ure g AE3 248k gk

A, g 224 S A S fAF AR SaE e
FPASE Agd uf 714 44 2L, FU)E &
AZ7} 1/e9 thaH2] Hel2 A8 FAo) H A3t
Blgo] (1+e)0] HEE ¢; & UrE g A8 =A%
Aolgt & & AUt

ol#] 7|2A e RSP A thal, 9o} 22 vlg F4w
Be B} dubzol E2 4 A3 Ao

—

O

[(Ma2l] vEoRt & Qo] A4l 81, RSP EA|9
& AH A2 g pela kAl 28X o & ¥l $48
ciE [cyl(eV/(n—1)) 18k, ¢l g HAH
22 p'aald, ool A Ech

(eVi(n—1} e (P)—eV< (P <{eVI(n—1)c(P) (5)
APY<c(PY< c(P)+eV (6)

(BY]

A4, 0< {eV/(n—1))} ¢y— ¢y <eV/(n—1) o] R},
SE M =B p71AY RE AR E Bolof »—-1709 &
EALE3lEE,

(eVi(n—1} ¢ (P)—eV< P <{eVi(n—D}e(P) (T)
7+ g,

A7|A, (P)E <,»§ipc"f% Zach &3 P, P A3
Hol g8l T(P)< E(P), (P)<c(P)7t AREh
o] BAE 4 (el Yl B,

(eVIin—1D)}e (P)—eV<{eV/(n—D}c(P)—eV
<o(PY<c(B) £{eVi(n—1)}c(P)

ol2Z 4 (5)% (P)<{eV/(n—D}c(P)7HARIL E

24 (5)el 93
{eVI(n=1))c(P)< c(PY+eV

ARSI EE, o( P)< P+ eV 7 AEETL

waba, PE 93 TEA|ZE oo 2 4= QiohE, (A1)
d o8, v& RSP A9 th3} 85K lower bound) &2 T
&, o P)CAPY+el < (1+e)c(P)7 Hol FPAS
2 g &9tk o2l (A2 21 P& ¢A Tzt gt
7] 98 shte] 25208 A A F Aot

[M2|2] RSP &A1Y FHHaol )t A3t shg-s 4z sk
Lolgt & o, o’ % ool e U< pL S V53
W, O(mne ‘o) AT, (1+6) —ZABIE
& Qi

[Z7]

$4, vlgo] U o9 ZE 38 AAS L, vrix BE
B BEE ;= [cy/{el/(n—D}] 3 2ol Wl F28
Fth o] 2A vla) 48 A A, F4 ALY 4
Agsld 73 JHE2E P, (HE 19 93

A(PY< (P + eV (14 e P

7Fdot.
a3 HE 48 B4 FA% (c(P)e

dP)sc(PY= X ¢

G, peP

n=1 g
< I (,-,,')Zep-c"+n 1

(n_l)U -1
<7 +n—1<(n—Dpe "+n—1

o] Agste, 4 ()] AA FH UFE Onee ) ©] Bk
mebd, 4 () A3k ol dele & AR O(muee 1)
o] &tk

3. e 9 G A 2ANEE

9] 71BA o} AAHE AR 2L U, L& vE & F AT,

O(mne 1) 9 AN TS 2 FPASE €4 2 + 3tk

UubA o 2 o]y 1, L& A FolAA) EAT, g3 2

LS Ba) 9o AL WMEANTE U L& TFEF U

["2| 3] (P o Ulg e} 3 U, Lo] FH A& ™
(él: Ly=1, Up=(n—1)max c;), O((log(Uy/
Lo))mne 1) &} ARA TS 2b= FPASE FA®
 Sith
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(B4

BA, LeLy, U<2Ly % Zo] 38 3319 [(F2) 1]
o) ulg F48 RSP EAE EA. oW, T 71587t
LA GO, O EH L LU, U—209 2ol 4
B8] oA RSP EAIE Eot. o] A2 4 2)9] HAgko]
URT zotd wj7tx) gragct. oo U2 Az (P
o 2A k. 2 A aige $4 24 Fal 7k e
S AR, FA U, LA U U<2L(F, p=2)8 U=
atod, (B 209 A Olmne ™) Wl (1+¢) —2ABHE
T8 Utk ol E HG-E Bolok log(Up/Lo) ¥ 3HEZ,

AR AJINTE O({log (Uy/Lg)ymne™")o] Brh

99 Jg & o] 459 o3 28 FPASE 94 4 9t

& 11 2]E FPAS-SCALING

AL L=1,U=2

BH2. ¢y =[ci/{el/(n— D} B FT, A (2) A&

EHS. ()< T, e< U 7} NS, & 234 g0

H ESAdE.

BHA4. LU, U203} 51, 9ARE.

oro] Mol A A g v)go) g S 2Tz vy &
AWHE AR FPASE Q& 4 Ytk

tﬁ_;ﬂ, Z]' 3-’_-9] H]“g"% /C\ij = [Cij/{EL/(n—l)HQ} @-o]
Hg 248 %, o, ad g a9z G=(V, B)E 4
&3} o] FA R

V={G,0olieV, ¢=0,1,~U)
E={{(i0,G,ct cpl(i,DEE, 0<sc< U~ cy).

q71M, U = [UHeL/(n—1)}] oItk o)ZA 749 G4
A, t; ol N HAAHZEAE Eol, == (1,004 ==
(n, OMAY A2 F T ol3te] AIkE zte Ho ¢}
H3 S48 RSP &A1 A ge] Bt} cw [BE]d 9
3 (1+¢ -HAs7} Fk olof g FF5 e EL ¢
9] FPAS-SCALINGS] ©AI2E GAHolA, 4o g 494
ZEAE Fv A0E dAF Ao Ak B8, U<pLo]H,
TU=0(ne '0)7} 53, G& O(n DAY x589} 0(m T)
N 55 Z2A Hug, GAINY HuAREAE
0(m7]+ n/(?log n/l\])
= O mne “'p+ n’e 'plog (n’e "1p))

g ARz e do B, (42 35 RRVIRE, U
9t L& 78 S7HA 7] e AR Sk, WA AT

Olog (U/L) {mne "'+ n’ log(ne ™ H})

49 - 347 - e

7h 8ok 23y o) AL F3 AGYe] 7123 FPASS A%
B35 B} $4) g

Stoll X M ol, Phillips (1993) 5.9] Wl8-& w3 &4
314 93, Al7hel Et 8 g ZA A 59 AlZHS vig)
428 AT E YT B opE), 9P uIg L B A
&7 gk 77| 98l U, LS F il S E e
AHEBIHUOE R, log(U/L) Y ASHAIZHE B F8loloF P}
Z2{4 Phillips (1993)& o2& sl o2 34 dahal
(strongly polynomial time)& Zt= FPASE AN F%
3 A4S T kA, ¢l ube) 2, Phillips (1993)
o] FPAS7} 7V & BRAEE 2t AL olUth

472 &

A7 F Y AL A S e E o 2 BE 71 vl
H 24 E 53 o|¥A FPASE AR S JEAE H
Aot &, 59 HIES vl 48, F A FAF DA
dae5E FLata, olul, IS vl-go] 4ohu} 5S¢
371 A3 7 oY s87ke B Ao EA T AY
FPASE 74% 4 1%ith

Hassin (1992)& U<2L& TE3l= L3} UE Aol &
A(approximate binary search)y& 18314 O(log log( Uy /L)) A
7 o] 2EkgiTh E=8, 24} o)A gl g o] 43 27t By
(interval partitioning) *Hol oj8) A A4ta|7re] Y gk
Mot ARE I, YHFk 2 A FHE A ek
(strongly polynomial) 3] 2] FPAS E A A5 th

2y B =FoA BYKo], Hassin(1992)0 4] AjAI3H 2
A3 W ES AL A @, 1 vlE 2avto gy 3
#3] 5wt AL Y] FPASE 78 4 i
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